We found that polyclonal antibodies raised against chlorosome polypeptides from green sulfur bacteria reacted to Chlorobium tepidum, Chlorobium limicola, and Chlorobium phaeobacteroides but not to Chloroflexus aurantiacus. These antibodies successfully labeled only green sulfur species in marine microbial mat samples. Our results suggest that these antibodies may be useful as immunohistochemical probes.
shots contained whole chlorosomes from Chlorobium limicola in incomplete Freund's adjuvant. Blood samples were taken after 4, 7, and 9 weeks. The sera were prepared as described by Harlow and Lane (3) .
Gel electrophoresis. We performed SDS-polyacrylamide gel electrophoresis (12% acrylamide running gel and 4% stacking gel) as described by Laemmli (4) . Each lane was loaded with 30 g of whole chlorosomes. A Western blot (immunoblot) analysis was performed as recommended in the instructions for a Bio-Rad chemiluminescence kit (Bio-Rad Laboratories, Hercules, Calif.). The blots were photographed with a CCD camera, imaged with an Image 1 image analysis system (Universal Imaging, Inc., Philadelphia, Pa.), and photographed with a video printer. All images were digitally enhanced.
Immunofluorescence. Whole cells were fixed with 4% paraformaldehyde in phosphate-buffered saline (PBS) for 30 min at room temperature and then were used or stored at 4ЊC. The cells were washed with PBS and permeabilized with lysozyme (1 mg/ml) for 10 min at 4ЊC. Following blocking with 0.25% bovine serum albumin in PBS, the cells were treated with primary antisera (dilution, 1:1,000) for 30 min, rinsed twice with PBS, and treated with goat anti-rabbit immunoglobulinfluorescein isothiocyanate (Fisher Biotech) for 30 min in the dark. Following two rinses with PBS and one rinse with carbonate buffer (pH 9.5), the cells were mounted on glass slides in a 0.25% triethylenediamine solution in glycerol-PBS (9:1, vol/vol). Controls were treated with only secondary antibody or with preimmune and secondary antibody. The cells were observed under fluorescent light and by using the differential interference contrast procedure with a Nikon Microphot SA microscope equipped with a Javelin black and white CCD camera and were imaged and photographed as described above. All images were digitally enhanced.
Mat material obtained from Sippewissett Marsh in Cape Cod, Mass., was collected, fixed in the field with 4% formaldehyde in seawater, and then kept cold and dark. The layers, which exhibited the characteristic banding pattern (7), were subsequently dissected at our laboratory and were designated surface, green, pink, and olive. The sandy layers (approximately 0.5 g) were suspended in 2 ml of PBS and vigorously vortexed. Freed mat material and cells were decanted and pelleted by centrifugation at 12,000 ϫ g. The pelleted material was then processed as described above, except that the primary antiserum was diluted 1:750. The preimmune serum (1:750) was tested by using the whole mat.
The Western blot analysis revealed that both the Ctep-Clim antisera and the Cphaeo antisera reacted with proteins from all three Chlorobium species but not with proteins from Chloroflexus aurantiacus (Fig. 1) . The antibodies recognized both the low-molecular-mass and 34.5-kDa chlorosome proteins (13) . The immunofluorescence experiments revealed that mild lysozyme treatment after fixation was sufficient to permeabilize the cells to the antisera. The variability in fluorescence both within individual cells and between cells could be attributed to the permeabilization step and the topological locations of the primary epitopes in the chlorosomes. The antisera labeled all three Chlorobium species ( Fig. 2 and 3) but not Chloroflexus aurantiacus (data not shown). In all cases the controls (secondary antibody only, preimmune and secondary antibody) and antisera specific for Chloroflexus aurantiacus chlorosome proteins (10, 13) did not label any species (data not shown).
The preimmune sera did not label any species obtained from the microbial mat samples (Fig. 4) . No organisms in the surface, green, and pink layers were labeled, but the green sulfur species present in the olive layer were labeled with fluorescein (Fig. 4) . Apple green fluorescence with blue light excitation was used to differentiate labeled cells from autofluorescing cells (Fig. 4) .
The use of our antisera for identifying green sulfur bacteria in natural populations was subject to several constraints. The first constraint was specificity. We targeted chlorosome-specific proteins to limit nonspecific labeling. The preimmune sera did contain a low titer of antibodies to Escherichia coli, as determined by the Western blot analysis (data not shown); however, they did not react with anything in the mat samples. A second constraint was the degree of labeling. Chlorosome content is light dependent (11) ; therefore, the degree of labeling may vary in different habitats.
As more species of chlorosome-containing filamentous photosynthetic bacteria are isolated, their characterization should include the protein profile of the chlorosomes (13) . All filamentous green bacteria are currently placed in the Chloroflexaceae (e.g., the genera Chloronema and Oscillochloris). Unfortunately, many species remain difficult to grow in pure culture. The development of polyclonal antibodies to chlorosome proteins could provide a simple way to distinguish be- tween green sulfur species and Chloroflexus species in nonaxenic and natural samples.
This work was supported by the Graduate School of Arts and Sciences, Duquesne University, and was done in partial fulfillment of the requirements for an M.S. degree (A.D.C.).
We thank J. Buzzelli for technical assistance with the Western blotting.
